Objectives The primary objectives of this work were to (1) identify the risk and/or protective factors associated with playground injuries among children less than 18 years of age and (2) identify interventions/programs/policies aimed at preventing playground-related injuries among children less than 18 years of age. Secondary objectives include a summary of the data that reflect alignment with current playground standards. Methods For the primary outcome, 4 databases and 12 online resources were systematically searched to include observational and experimental studies examining risk and/or protective factors or interventions associated with playground injury or outcomes related to playground injury (e.g., risky playground behaviour). Data extraction included study design, participants, outcome, exposure or intervention, data analysis, and effect estimates. The quality of evidence for all studies was assessed using the Downs and Black criteria. Results This review included studies of moderate quality, revealing a number of risk factors and effective interventions for playground injury. Risk factors included absence of handrails and guardrails on playground equipment, non-impact-absorbing surfacing, and critical fall heights. Effective interventions included modifying playground surfacing and reducing equipment height to less than 1.5 m. Conclusion Equipment-and structure-based playgrounds should adhere to and maintain playground standards in order to reduce the risk of serious injury. Organizations responsible for installing and maintaining playgrounds should consider alternative play spaces that allow children to play outdoors, in a natural environment that supports healthy child development and promotes physical activity.
Introduction
Playgrounds are outdoor spaces that provide children the opportunity to explore, be creative and imaginative, and participate in forms of physical activity that create both social and health benefits. Despite these benefits, however, children playing in playgrounds and on play equipment may be at an increased risk for injury. Approximately 29,000 child injuries from playground equipment present to Canadian emergency departments each year (Fuselli and Yanchar 2012) . These injuries most frequently occur among younger children, ages 5-9 years old (Norton et al. 2004; MacKay 2003) , and are most often associated with children falling from heights (Vollman et al. 2009 ). Playground falls often result in upper extremity injuries, with the predominant injury type being an arm fracture (Fuselli and Yanchar 2012) .
Since the 1980s, playgrounds, particularly in Canada and the USA, have transformed into equipment-and structurebased play spaces (Herrington and Nicholls 2007) . In response to this transformation, as well as from a 1979 report documenting injuries in playgrounds in Canada (Herrington and Nicholls 2007) , the Canadian Standards Association (CSA) as well as significant collaborative work from other organizations in Canada and the USA, including the American Public Health Association and the American Academy of Pediatrics, went into investigating the design of playgrounds and how design features might mitigate injury (American Academy of Pediatrics, American Public Health Association, National Resource Center for Health and Safety in Child Care and Early Education 2011). Since dissemination of this work in 1992, and the release of the CSA standards in 1998, there has not been an updated review of the research literature and its alignment with these guidelines. A synthesis of the existing data on the risk and protective factors associated with playground injury, and the effective interventions that can reduce this risk, can be used to support evidencebased decisions in playground design. This can include decision-making between equipment-based playground designs over nature-based designs. Either of these decisions must result in age-appropriate, hazard-free play spaces. The primary objectives of this work, therefore, were to (1) identify the risk and/or protective factors associated with playground injuries among children less than 18 years of age and (2) identify interventions/programs/policies aimed at preventing playground-related injuries among children less than 18 years of age. Secondary objectives include a summary of the data to reflect alignment with current playground standards.
Methods

Data sources and selection of eligible studies
To identify observational studies examining risk and/or protective factors for playground injuries, search terms and strategies were developed a priori to the literature search (Table 1) . To identify experimental studies examining interventions aimed to reduce playground injuries, outcomes related to playground injuries (e.g., risky playground behaviour) or outcomes that examined changes in the risk and/or protective factors targeted by the intervention, search terms and strategies were developed specific to this objective (Table 1) . The following inclusion/exclusion criteria were determined a priori for both observational and experimental studies: (1) original data, (2) literature published in English, (3) exposure/ interventions and outcomes specific to the search objectives, and (4) an analytic component to the study design, by objective (i.e., the study examined the relationship between risk factor and outcomes, and the study examined the effectiveness of the intervention on injury or injury pathway outcomes).
Between September 2016 and December 2016, one reviewer (SR) conducted a comprehensive search of the following 4 databases and 12 online resources: Medline (1946-present) , CINAHL (1982 -present), Physical Education Index (1978 , and SportDiscus (1975-present) , Parachute, Canadian Pediatric Society, Canada Safety Council, Canadian Playground Safety Institute, Canadian Playground Practitioners, Centers for Disease Control and Prevention (CDC) , SafeKids Worldwide, National Safety Council, National Program for Playground Safety, Injury Free Coalition for Kids, Children's Safety Network, and Google Scholar. Identification of studies to be included in this review involved a three-stage process. In the first stage, a title screen of all articles obtained from the literature search was completed. Due to the significant number of hits lost from setting limits in both CINAHL and the Physical Education Index, no limits were set for these two databases. To reduce publication bias, we included a search of dissertations and studies conducted but not published (e.g., abstracts) in our grey literature search. In the event that a study was found, authors would be contacted to retrieve unpublished data. Titles were screened for relevance, as per the established inclusion criteria. The second stage included a review of full texts, applying the same inclusion criteria. Articles that did not meet inclusion criteria were removed. Finally, relevant playground resources and reference lists of all included studies were reviewed for any missing articles. A second round of relevancy assessment was performed by two additional reviewers (TC and AM) with an open discussion between the three reviewers (SR, TC, AM) to form the final list of relevant articles.
Quality assessment
Articles included in this systematic review were critically appraised using the Downs and Black Quality Assessment Tool (Downs and Black 1998) . This tool, although designed to evaluate experimental studies, has demonstrated applicability and validity for use in observational study design (Downs and Black 1998) . For the observational studies addressing risk factors for playground injuries, six questions on the Downs and Black checklist (items 4, 8, 14, 23, 24, and 27) were not applicable, and were therefore excluded from the final score. Two reviewers were involved in the quality assessment process (SR, TC) and each article was independently appraised. Quality assessment ratings were compared and discussed between these reviewers, and any differences in ratings were resolved through open discussion and consensus. If discrepancies in ratings were unresolvable, the third reviewer (AM) was consulted.
Data extraction
One reviewer (SR) extracted data for all articles that met final inclusion using a structured data extraction form. The following data were extracted: title, author, year, study (design, duration, country), participants (e.g., age, sex, sample size), outcome (definition), exposure or intervention (definition), data analysis (statistical tests used), effect estimates [incidence rate ratios (IRR), odds ratio (OR), etc., with 95% confidence intervals (CI) or the association between exposure/intervention and outcome, reported or calculated based on data provided], conclusions, and quality assessment rating (Tables 2 and 3) .
Data synthesis
Due to the heterogeneity of the study designs and interventions, a meta-analysis could not be completed. A qualitative analysis was performed, and the results were summarized in evidence tables.
Results
Study characteristics
Risk and/or protective factors A total of 311,639 studies were retrieved from the literature search, with 183,776 excluded at the title stage, 571 at the abstract review stage, and a further 19 at the eligibility stage. This included one article identified from a reference review (Macarthur et al. 2000) . A final total of 15 articles were included (Fig. 1 ). There were 8 case-control studies (Macarthur et al. 2000; Chalmers et al. 1996; Fiissel et al. 2005; Keays and (Chalmers et al. 1996) Case control design, 1989-1992, New Zealand Cases: children (< 14 years old) injured from a fall from playground equipment at an early childhood education centre or school and received medical attention (n = 110). Controls: children (< 14 years old) with no medically attended injury from falling from playground equipment (n = 190), total n = 300 Risk factors for severe injuries associated with falls from playground equipment (Macarthur et al. 2000) Case control design, May-October, 1995 A case-control study of risk factors for playground injuries among children in Kingston and area (Mowat et al. 1998) Case control design, 1995, Canada Cases (n = 45) were children (ages 1-16 years) presenting to one of two emergency rooms. Controls (two groups, n = 45, n = 45) were defined as (1) Skinner 2012; Laforest et al. 2001; Mowat et al. 1998; Petridou et al. 2002; Sherker et al. 2005) , 5 retrospective cohorts (Laforest et al. 2000; Macpherson et al. 2010; Mott et al. 1994 Mott et al. , 1997 Park et al. 2010 ), 1 prospective cohort (Sacks et al. 1990 ), and 1 cross-sectional study (Morrongiello and House 2004) included in the final analyses. Twelve studies examined associations with potential risk factors among children (Macarthur et al. 2000; Chalmers et al. 1996; Fiissel et al. 2005; Keays and Skinner 2012 Laforest et al. 2000 Mowat et al. 1998; Petridou et al. 2002; Sherker et al. 2005; Mott et al. 1994 Mott et al. , 1997 Park et al. 2010) , two studies provided descriptions of the centres where the playgrounds were located (childcare centres, elementary schools) (Macpherson et al. 2010; Sacks et al. 1990) , and one study examined parent-child dyads (Morrongiello and House 2004) . Children in the included studies ranged in age from 0 to 16 years, with most children being less than 14 years of age (Macarthur et al. 2000; Chalmers et al. 1996; Laforest et al. 2000 Laforest et al. , 2001 Petridou et al. 2002; Mott et al. 1994 Mott et al. , 1997 . Sample sizes ranged from 48 to 39,730 children with a median of 330 children (IQR 135, 1070) . The median quality index score for these studies was 14 (IQR 12, 16) of a possible 22.
Interventions
A total of 311,337 studies were retrieved from the literature search, with 243,440 excluded at the title stage and 242 at the abstract review stage, leaving a total of 12 articles included in this study (Fig. 2 ). There were 6 randomized controlled trials ( Roseveare et al. 1999; Sacks et al. 1992 ) and 6 quasiexperimental designs (Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Howard et al. 2005; Olsen et al. 2010; Schwebel et al. 2006) . Of the studies that provided information on the children included, ages ranged from 3 to 13 years, with sample sizes ranging from 44 to 122,974, with a median of 238 children (IQR 104, 5707). The median critical appraisal score for these studies was 14 (IQR 11, 16) of a possible 32.
Risk and/or protective factors for injury in playgrounds
All studies included in this review examined the association with a risk factor and injury or an injury-related outcome in equipment-and structure-based playgrounds. Eight studies examined the association between surface type and injury (Macarthur et al. 2000; Chalmers et al. 1996; Laforest et al. 2000 Laforest et al. , 2001 Mowat et al. 1998; Sherker et al. 2005; Mott et al. 1994 Mott et al. , 1997 . Seven studies examined associations between injury outcomes and equipment height (Macarthur et al. 2000; Chalmers et al. 1996; Fiissel et al. 2005; Laforest et al. 2001; Sherker et al. 2005; Mott et al. 1997; Mowat et al. 1998; Petridou et al. 2002; Laforest et al. 2000) and supervision (Macarthur et al. 2000; Laforest et al. 2000 Laforest et al. , 2001 Morrongiello and House 2004) . Three studies examined the association between equipment type (Laforest et al. 2000 (Laforest et al. , 2001 Mott et al. 1997) , sex (Laforest et al. 2000 (Laforest et al. , 2001 Petridou et al. 2002) , age (Laforest et al. 2000 (Laforest et al. , 2001 Petridou et al. 2002) , and playground use (Macarthur et al. 2000; Laforest et al. 2000 Laforest et al. , 2001 . Two studies examined playground hazards (Mowat et al. 1998; Sacks et al. 1990 ) and socio-economic status (SES) (Mowat et al. 1998; Macpherson et al. 2010 ) with injury or injury-related outcomes. One study measured compliance with safety codes using a composite safety measure (including surfacing, supervision, age-appropriate design) (Park et al. 2010) , one study examined associations between playground injury and playground conditions (wet vs. dry) and prior playground injury (Macarthur et al. 2000) , and another study examined the injury location (in the city compared to out of the city) (Laforest et al. 2000) with another comparing injury in those identified as residents of the country, compared to nonresidents (Petridou et al. 2002) .
The majority of studies examined the association between exposure and playground injury, with injury as the outcome. Injury definitions varied across risk factor studies, including ten studies reporting severe injury (injury definitions included emergency department-attended injuries, fractures, medically attended injuries, and severe injuries from falls) (Macarthur et al. 2000; Fiissel et al. 2005; Laforest et al. 2000 Laforest et al. , 2001 Sherker et al. 2005; Macpherson et al. 2010; Mott et al. 1994 Mott et al. , 1997 Park et al. 2010; Sacks et al. 1990 ). Six studies reported outcomes by playground injury (including injury definitions of all playground-related injuries and only fall-related injury) (Chalmers et al. 1996; Keays and Skinner 2012; Laforest et al. 2000 Laforest et al. , 2001 Mowat et al. 1998; Petridou et al. 2002) . One study reported outcomes specific to injury risktaking behaviour (Morrongiello and House 2004) .
Surfacing
All but one study that examined playground surfacing demonstrated an increased risk of injury. In Laforest et al. (2001) , the risk of injury was 3.03 times higher (95% CI 1.45-6.35) for surface absorption level deceleration exceeding 200 g-max compared to less than 150 g-max, and the risk of injury was lower below 100 g-max (OR = 0.67, 95% CI 0.45-0.99), as demonstrated by Sherker et al. (2005) . On surfaces having absorption levels between 150 and 200 g-max, injuries were 1.8 times more likely (95% CI 0.91-3.57) (Laforest et al. 2001) . When comparing surface types, the risk of injury on bark/rubber, bark, bark/tarmac, and concrete/tarmac was higher when compared to that on rubber surfacing [OR = 1.81 (95% CI 0.66-4.98), OR = 1.98 (95% CI 0.87-4.52), OR = 4.63 (95% CI 1.49-14.4), and OR = 5.11 (95% CI 2.09-12.5)] (Mott et al. 1997) . Chalmers et al. (1996) demonstrated that non-impact-absorbing surfaces, including concrete, asphalt, paving, earth, and grass, had an odds ratio of injury 2.28 times higher (95% CI 1.04-4.96) when compared to playgrounds with impact-absorbing fill (loose fill or synthetic). When examining this relationship further, the authors found an increased odds ratio of injury requiring medical attention with non-impact-absorbing surfaces compared with loose fill surfaces only (adjusted OR = 2.27, 95% CI 1.04-4.97). Laforest et al. (2000) and Sherker et al. (2005) demonstrated similar results when comparing sand to grass surfaces, with an increased odds ratio of severe injury on playgrounds with grass surfacing (OR = 1.74, 95% CI 1.21-2.52; OR = 0.29, 95% CI 0.16-0.53-protective for sand vs. soil). Mowat et al. (1998) demonstrated an increased risk of injury in playgrounds with inappropriate surface materials under and around equipment (OR = 21.0, 95% CI 3.4-128.1). Mott et al. (1994) examined injuries on playgrounds, comparing injury types across bark and concrete surfaces and noted that fractures and sprains were more common on bark surfaces; 60% of all injuries on bark surfaces were fractures compared to 17% on concrete. Although this study demonstrated that there were fewer injuries than expected on bark surface playgrounds, these differences were not significant (Mott et al. 1994) .
Equipment height
Several studies point to the height of playground equipment as a contributing factor to injuries resulting from falls. Two studies demonstrated over twice the risk of injury from equipment that was 2 and 1.8 m high, compared to less than 1.5 m (Laforest et al. 2001; Sacks et al. 1990 ); however, other studies have demonstrated a critical fall height of 1.5 m. Mott et al. (1997) demonstrated a significant linear increase in the number of fractures from playground equipment with heights greater than 1.5 m. Other studies support this finding including Macarthur et al. (2000) and Sherker et al. (2005) , where there were significant increases in severe injuries from falls greater than 1.5 m (OR = 2.30, 95% CI 1.09-4.84, and OR = 2.39, 95% CI 1.49-3.84, respectively), even at playgrounds with impact-absorbing surfaces (OR = 3.80, 95% CI 2.01-7.17) (Chalmers et al. 1996) . When further examining the severity of injuries from falls at playgrounds, fractures from playground height falls were found to be 3.9 times (95% CI 2.76-5.54) more likely to require surgical reduction compared to those from standing-height falls (Fiissel et al. 2005) .
Residential playgrounds
There were four studies that support the protective effect of public playgrounds over playgrounds in residential areas (Keays and Skinner 2012; Mowat et al. 1998; Petridou et al. 2002; Laforest et al. 2000) . In Laforest et al. (2000) , there was a 70% increase in the risk of severe injury at residential playgrounds compared to municipal playgrounds (OR = 1.69, 95% CI 1.15-2.47) with another study demonstrating an increased risk of severe injury (OR = 1.30, 95% CI 1.23-1.37) and fracture (OR = 1.47, 95% CI 1.39-1.55) at residential playgrounds compared to parks, schools, or daycare centres (Keays and Skinner 2012 ).
Other risk factors
There is less evidence of other risk factors as independent predictors of injury including age, supervision, playground hazards, sex, playground use, SES, prior playground injury, playground condition (wet vs. dry), location, and resident status. Three studies examined multiple risk factors, such as age, supervision, sex, playground use, equipment type, as well as playground equipment height and surfacing (Macarthur et al. 2000; Laforest et al. 2000 Laforest et al. , 2001 . The only statistically significant effect estimates (other than surfacing and equipment height) were found by age, location, and resident status. Children aged 5-9 years old had twice the risk of suffering a severe injury compared to 1-4 year olds (OR = 1.99, 95% CI 1.47-2.74), and 10-14 year olds were at a 60% increased risk of severe injury (OR = 1.59, 95% CI 1.01-2.39) (Laforest et al. 2000) . This is supported by Petridou et al. (2002) who demonstrated a protective effect from playground injury in children greater than 10 years of age, compared to children ages 5-9 years (OR = 0.50, 95% CI 0.34-0.73). Two studies demonstrated that children reported to be non-residents, or those children playing at playgrounds outside of the city, were at increased risk for playground injury (Petridou et al. 2002; Laforest et al. 2000) . Two studies demonstrated an increased risk of injury with increased playground hazards, including playgrounds without adequate handrails and guardrails (Mowat et al. 1998; Sacks et al. 1990 ). One study examined risky playground behaviour with adult supervision and showed that greater physical proximity to children in playgrounds was associated with less risk-taking behaviour (Morrongiello and House 2004) ; other studies that examined parental supervision with injury outcomes demonstrated no association (Macarthur et al. 2000; Laforest et al. 2000 Laforest et al. , 2001 . Four studies reported no significant risk of injury with increased playground use (Macarthur et al. 2000; Laforest et al. 2000 Laforest et al. , 2001 Mowat et al. 1998) . There were two studies that examined proxy measures for SES with increased risk of injury (Mowat et al. 1998; Macpherson et al. 2010) . When controlling for compliance with playground standards, schools with lower SES measures did not demonstrate an increased risk for injury (Macpherson et al. 2010) . Mowat et al. (1998) also demonstrated no significant increase in risk of injury with increasing household income.
Interventions
All intervention studies included in this review examined the effectiveness of the intervention in equipment-and structurebased playgrounds. Outcomes for intervention studies included injury risk beliefs (Morrongiello and Kane 2015) or behaviour (Morrongiello and Mark 2008; Morrongiello and Matheis 2007; Chelvakumar et al. 2010; Heck et al. 2001; Schwebel et al. 2006) , injuries reported to schools (Howard et al. , 2009 Olsen et al. 2010) , national injury surveillance systems (Fisher et al. 1980) , or the change in the number of playground hazards (Roseveare et al. 1999; Sacks et al. 1992; Fisher et al. 1980 ).
Interventions to decrease risky playground behaviour
Four studies examined the effectiveness of interventions designed to decrease risky playground behaviour. One study modelled safe playground behaviour and provided rewards for reductions in risky behaviour (Heck et al. 2001) , and three studies examined hazard-recognition interventions (Morrongiello and Kane 2015; Morrongiello and Mark 2008; Morrongiello and Matheis 2007) . These studies demonstrated varying levels of effectiveness, with two studies showing null effects (Morrongiello and Kane 2015; Heck et al. 2001) and two studies demonstrating positive changes in perceptions of risk-taking behaviours when comparing pre-to post-intervention estimates (Morrongiello and Mark 2008; Morrongiello and Matheis 2007) .
Interventions to increase playground supervision
Two studies included in this review examined the effectiveness of interventions to decrease risky child behaviour by increasing adult supervision at playgrounds (Chelvakumar et al. 2010; Schwebel et al. 2006) . Neither study demonstrated statistical significance in reducing injury or risky playground behaviour.
Interventions to change playground surfacing, height, and hazards Three studies examined the effectiveness of changes to playground surfacing (Howard et al. 2009; Olsen et al. 2010) , or surfacing and height . Howard et al. (2005) used a quasi-experimental design to examine differences in injury rates, pre-to post-change in surfacing (from concrete, non-impact-absorbing surfaces to wood chips) and height (reduced to 1.5 m) at playgrounds in Toronto, Canada. The injury rate at the intervention schools decreased 30% post equipment replacement (RR = 0.70, 95% CI 0.62-0.78) . In 2009, Howard et al. further examined playground surfacing, and demonstrated a reduction in arm fracture rate for sand surfacing compared to engineered wood chip surfacing (IR = 4.5, 95% CI 0.26-15.9 per 100,000 student-months vs. 12.9, 95% CI 5.1-30.1). Olsen et al. (2010) demonstrated a 30% reduction in total injuries (including medically attended, child being sent home, and child returning to class injuries) post-implementation of rubberized surfacing.
Interventions to reduce playground hazards
Two studies included in this review examined the effectiveness of programs to bring attention to and decrease playground hazards (Roseveare et al. 1999; Sacks et al. 1992) . A study by Roseveare et al. (1999) demonstrated effectiveness in reducing the number of playground hazards, postimplementation of a health promotion program consisting of information about the hazards, an engineer's report, regular contact, and encouragement to act on the report, and assistance in obtaining funding to support the program. Post-program, there was a significant reduction in the number of hazards in the intervention schools compared with the control schools (p = 0.027) (Roseveare et al. 1999) ; however, in Sacks et al. (1992) , the intervention designed to reduce playground hazards, by revealing the hazards to the playground directors and providing safety information, was ineffective.
Study quality assessment
Consensus was achieved between the two independent reviewers for the critical appraisal of all articles included in this review. Overall, studies included in this review were of moderate quality. The median quality index score for risk factor and intervention studies was 14, with similar interquartile ranges (IQR 12, 16, and 11, 16, respectively) . The majority of studies that examined risk factors did not clearly describe the distributions of principal confounders across subject groups (Keays and Skinner 2012; Laforest et al. 2000 Laforest et al. , 2001 Macpherson et al. 2010; Mott et al. 1994 Mott et al. , 1997 Sacks et al. 1990; Morrongiello and House 2004) , did not describe the children that were lost to follow-up (Chalmers et al. 1996; Fiissel et al. 2005; Laforest et al. 2000 Laforest et al. , 2001 Petridou et al. 2002; Sherker et al. 2005; Macpherson et al. 2010; Mott et al. 1994 Mott et al. , 1997 Park et al. 2010; Morrongiello and House 2004) , and lacked adjustment for confounding variables in the analyses (Keays and Skinner 2012; Macpherson et al. 2010; Mott et al. 1994 Mott et al. , 1997 Sacks et al. 1990; Morrongiello and House 2004) . One study reported adjusting for confounders without reporting what these variables were (Sherker et al. 2005 ). In addition, many studies did not report taking into account potential losses to follow-up in their analyses (Laforest et al. 2000 (Laforest et al. , 2001 Macpherson et al. 2010; Mott et al. 1997; Park et al. 2010; Sacks et al. 1990; Morrongiello and House 2004) or calculating risk based on exposure, or the number of children actually playing in playgrounds. For example, only one study calculated the risk of injury using exposure data (Mott et al. 1997) , and this was estimated based on the mean number of children playing in playgrounds from 1-year observations. The study by Laforest et al. (2000) controlled for playground use in their final model, using a dichotomous variable describing rare and frequent use, calculated from the mean number of weekly playground visits. Another study, by this same author, considered exposure of play using a proxy measure that included the number of visits to the playground in the summer, their favourite equipment, and measures related to the height and surfacing of the equipment used (Laforest et al. 2001 ). This measure was not used in the final analyses.
Intervention studies suffered similar reporting issues, including: not describing distributions of principal confounders (Morrongiello and Kane 2015; Morrongiello and Mark 2008; Morrongiello and Matheis 2007; Roseveare et al. 1999; Sacks et al. 1992; Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Howard et al. 2005; Olsen et al. 2010; Schwebel et al. 2006) , the characteristics of patients lost to follow-up (Morrongiello and Kane 2015; Morrongiello and Mark 2008; Morrongiello and Matheis 2007; Roseveare et al. 1999; Sacks et al. 1992; Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Howard et al. 2005; Olsen et al. 2010) , any sample bias (Morrongiello and Kane 2015; Morrongiello and Matheis 2007; Roseveare et al. 1999; Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Howard et al. 2005; Olsen et al. 2010) , adjustment for confounding or losses to follow-up in the analysis, and whether there were any power calculations (Morrongiello and Kane 2015; Morrongiello and Mark 2008; Morrongiello and Matheis 2007; Roseveare et al. 1999; Sacks et al. 1992; Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Howard et al. 2005; Olsen et al. 2010; Schwebel et al. 2006) . Other reporting deficiencies included: not reporting adverse events that may be a consequence of the intervention (Morrongiello and Mark 2008; Morrongiello and Matheis 2007; Roseveare et al. 1999; Sacks et al. 1992; Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Olsen et al. 2010) , reporting of actual probability values (Morrongiello and Mark 2008; Morrongiello and Matheis 2007; Sacks et al. 1992; Fisher et al. 1980; Heck et al. 2001; Olsen et al. 2010; Schwebel et al. 2006) , attempts made to blind study subjects to the intervention they received as well as those measuring the study outcomes (Morrongiello and Kane 2015; Morrongiello and Mark 2008; Roseveare et al. 1999; Sacks et al. 1992; Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Olsen et al. 2010; Schwebel et al. 2006) , and assuring the concealment of the randomized assignment of groups (Morrongiello and Kane 2015; Morrongiello and Mark 2008; Roseveare et al. 1999; Sacks et al. 1992; Chelvakumar et al. 2010; Fisher et al. 1980; Heck et al. 2001; Olsen et al. 2010; Schwebel et al. 2006 ).
Discussion
As injury prevention researchers, we aim to provide evidence around the risk and protective factors for injury, given an exposure, in addition to evidence of intervention effectiveness used to mitigate these risks. This review included equipmentor structure-based playground studies of moderate quality, revealing a number of risk factors for injury. These risk factors included the lack of handrails and guardrails on playground equipment, non-impact-absorbing surfacing, and critical fall heights. Other risk factors included the lack of adult supervision, playground hazards, privately owned and operated playgrounds, age, location, and resident status. Effective interventions included modifying playground surfacing and reducing equipment height to less than 1.5 m.
Understanding the risk factors and effective prevention strategies for playgrounds plays an important role in the prevention of injury. This information must be used in equipment-based playground design and installation, as well as toward guidelines for maintenance. There are organizations that provide voluntary guidelines for playground safety, including the Canadian Standards Association (CSA) and the US Consumer Product Safety Commission (CPSC). The CSA (CSA Z614-14) (Canadian Standards Association 2015) and the CPSC (U.S. Consumer Product Safety Commission 2010) outline many recommendations to prevent playground injuries, and compliance to such standards is recommended in many of the studies included in this review (Chalmers et al. 1996; Mowat et al. 1998; Macpherson et al. 2010; Howard et al. 2005) and is supported by those that examined one or more of the recommendations as a risk factor for injury (Macarthur et al. 2000; Chalmers et al. 1996; Fiissel et al. 2005; Laforest et al. 2000 Laforest et al. , 2001 Mowat et al. 1998; Sherker et al. 2005; Mott et al. 1994 Mott et al. , 1997 Park et al. 2010; Sacks et al. 1990; Morrongiello and House 2004) . The majority of studies reviewed examined two specific recommendations: height and surfacing type; however, there are eight other key recommendations in the CSA-Z614-14 (for example, user age groups and inspection and maintenance) that lack review of effectiveness.
Based on the results of this review, playground designs that include play equipment and structures must comply with playground standards given the evidence to support the reduction of serious injury; however, there may be a case to rethink playground design to support a healthy and safe environment for play. In completing this systematic review, several studies were found that examined and reported on local and national compliance to playground standards. All of the studies found reported a significant lack of compliance (CDC, Centers for Disease Control and Prevention 1999; Acik et al. 2004; Allen et al. 2013; Chalmers et al. 2001; Cradock et al. 2010; Hudson et al. 2008; Kotch et al. 2003; Martin and Cooper 2005; Pickett et al. 1996; Sherker and Ozanne-Smith 2004; Sherker et al. 2009; Uskun et al. 2008) . For example, in the study by Pickett et al. (1996) , playgrounds in the Kingston, Ontario, area were investigated for adherence to CSA standards using a standardized checklist. Few playgrounds in the survey met the accepted safety standards, for both the equipment and ground surface material below and around the equipment.
The lack of concordance between supporting CSA playground equipment standards and meeting their recommendations may be due to several factors. One may include the absence of enforcement mechanisms. Currently, adherence to CSA standards for playgrounds in Canada is voluntary (Canadian Standards Association 2015); however, there are some exceptions, including provincially licensed daycare centres. Most of the compliance studies reviewed cite the lack of a coordinated approach, time, funding, and personnel to support meeting and maintaining safety standards. Thus, the burden that the recommendations place on playground providers may also be a reason for non-compliance. Moving toward naturebased play spaces, spaces that allow children to play in an environment without play equipment and structures, can provide the necessary benefits associated with outdoor play, as well as reduce barriers to compliance for playground safety. This is supported by Tremblay et al. (2015) , as well as Brussoni et al. (2015) , who report the significant health benefits from nature-based play spaces, including more selfdirected play (Brussoni et al. 2015; Tremblay et al. 2015) . In addition, these reviews report that the majority of injuries that occur in outdoor play spaces are minor injuries, requiring minimal or no medical treatment (Brussoni et al. 2015 ).
Strengths and limitations
There are several strengths of this review. This is a rigorous systematic review of the risk and protective factors and interventions to reduce injury in playgrounds. Second, two reviewers critically appraised the included studies for internal and external validity using a previously validated and widely used quality appraisal tool. In addition, all applicable articles, regardless of significance and publication status, were considered for review. Finally, articles examining compliance with playground standards were also found while completing the systematic searches. These articles, although outside of the scope of this review, gave context to the discussion on compliance with recommended standards. There are, however, some limitations to this review. First, only published articles were included, thus increasing the potential for publication bias. We included search of non-published studies in the grey literature; however, we were unable to find unpublished studies or data (including published abstracts without full-text publications). In addition, only articles in English were considered for inclusion, thus potentially decreasing the breadth of studies included. Of the articles systematically searched and included, however, reviewers also scanned reference lists as well as a number of grey literature sources, including playground-specific resource websites. Other limitations of this review lie within the primary studies themselves. Of most significance was the lack of the calculation of risk based on exposure data and the lack of analytical control for confounding. Exposure-based risk calculations provide a more accurate representation of the true risk of injury, per child playing in a playground or per hour of play. Given exposure may be an independent predictor of playground injury, lack of these data may have led to erroneous associations. The two studies that considered exposure in their modelling were either unable to use the measures in the final model (Laforest et al. 2001) or used a binary variable not able to represent risk of injury per hour of play, or the number of children playing (Laforest et al. 2000) . The lack of control for confounding in the analysis presents the inability to make conclusions about the independence of the risk factor under study. These studies lack the strength to report associations confidently. For intervention studies, a significant limitation was the inability to conduct true experimental studies. It is impossible to randomize study groups to an intervention given the known risk factors for injury in playgrounds (particularly with playground equipment/structure height and playground surfacing). The ethical considerations for this type of intervention would exceed the impact of the results from a true experimental design. Research groups interested in conducting effectiveness studies in playground design should create collaborations with local and municipal playground practitioners and implementers in order to provide evaluation opportunities as they arise. An example includes the work undertaken by Howard et al. (2005) , where a quasi-experimental design was used to evaluate the impact of changes to surfacing and height of playground equipment in school playgrounds that had previously decided on playground restructuring.
Conclusion
The results of this study support non-impact-absorbing surfacing, fall height, and the lack of handrails and guardrails as critical risk factors for serious injury in equipment-based playgrounds. Interventions that support changes to playground equipment to mitigate these risks were also supported by the existing literature. Less support was gathered for adult supervision, sex, and SES as risk factors for playground injuries. In addition, there was less evidence for adult supervision as an effective intervention for reducing risky behaviour or playground-related injury. Those responsible for providing playgrounds for children have an important role to create both engaging and safe play spaces. Future work should include investigation of nature-based over equipment-based playgrounds and its relationship to injury and health outcomes in children and youth.
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